In this paper, the estimations for the optical property of touch panel (TP) decoration film with two layers coating are presented. The technique of neural network is used to develop an artificial intelligent (AI) TP transmittance estimator which is able to catch the complicated relationship between TP transmittance and its all possible influencing factors, such as the compositions of coating material, the thickness of coating, the rotation speed of evaporator?s holder and so on. This AI estimator then can provide the useful information which could help the engineer to set the relevant control parameters of evaporator properly before the evaporation process is taken. The simulation results show that such an AI system is quite promising to be developed.
Introduction
In recent years, TP has become an indispensable part for many electronic products, such as the tablet computer, smart phone, digital camera and ticket vendor. According to the trend of science and technology development, TP will certainly be used in the smart life environment of human beings more and more in the future. Basically, the film coating is an essential work in the manufacturing process of TP and the common equipment used for coating process is vacuum evaporator. The diagram of touch panel structure is shown in Fig. 1 . [1, 2, 3, 4, 5, 6] .
As mentioned above, the coating process of TP film is usually processed by the vacuum evaporator which is used in a wide range of industrial applications. However, before the evaporation process is started, the relevant control parameters of evaporator must be set properly by the engineer with full experience. Besides, many variables such as the composition of coating target, the coating layer, the thickness of coating layer, the speed of evaporation, are all the important influencing factors that might determine the quality of TP coating film [5, 6] . Usually, the transmittance and chromatic aberration (L.a.b. values) are two optical properties used for judging the quality of TP film. Two properties are highly correlated with the influencing factors above. The relationship between film?s optical properties and influencing factors is very complicated. It is hardly be modeled by a certain mathematic function. In most of evaporation processes, the setting of control parameters of evaporator is still based on the trial-and-error method. Thus, how to find a solution for setting the proper control parameters of evaporator is the aim of this research.
In last two decades, neural network (NN) has been widely applied into the various science and management areas due to its powerful learning and mapping capabilities [5, 6, 7, 8, 9, 10, 11, 12] . The complex relationship between input and output pairs of the training data could be easily developed through a simple training process. Thus, NN technique has been concluded as one of the best tools to solve the nonlinear mapping problem. It has found a huge variety of uses in various applications.
In this research, the estimation for the optical property of TP film with two layers coating is considered. The neural network is the main tool used for obtaining the relationship between TP film?s transmittance and all possible influencing factors. The TP film has two layers coating. One coating target is Cr and the other one coating target is Cr2O3. An intelligent coating decision mechanism based on neural network technique is expected to be developed finally.
Neural Network Model
The four-layered forward neural network is mainly taken as the estimation model which is shown in Fig. 2 . It consists of one input layer, two hidden layers and one output layer. Each layer is composed of several parallel nodes. The sigmoid function is used as the node's activation function. The error back-propagation (BP) learning algorithm is adopted for network's training. The major steps of BP algorithm could be summarized as follows [5, 8, 11, 12] .
Step 1: All weights ( ω i j s) are initialized by small random values.
Step 2: Present the input/output pattern.
Step 3: Calculate the output by using the present value of ω i j s.
Step 4: Find the error term, δ j , for all nodes. Denote D j and O j to be the desired value and the computed value of jth node in output layer. H j is the computed value of jth hidden node. The error terms for all nodes can be calculated as follows. For the output node j
For the hidden node j
where k is over all nodes in the layer above node j. Step 5: All weights can be updated by
where X i is the ith input signal of node j. α is the learning rate and ζ is the momentum.
Step 6: Present another input/output pattern and go back to Step 2.
Simulations
The evaporation process of film coating is an important work for TP manufacturing. Many control parameters and influencing factors need to be considered before the process is started. That is the reason why this work is usually taken by the engineer who has the full experience in this area. Unfortunately, trial-and-error is still the common method taken by lots of manufacturing companies. Thus, if an AI decision system for the manufacturing control parameters setting could be developed, this system certainly can help the engineer to accomplish the evaporation work easily even the engineer lacks the experience.
In this research, the data of decoration film provided by an optical company are analyzed and simulated. The example of data for study is presented in Table 1 . Except the TP transmittance, the possible influencing factors are collected. They are the value of quartz crystal deposition monitor, the holder's rotation speed, the placed position of film, the thickness of coating target Cr and the thickness of coating target Cr 2 O 3 . The research aims to catch the complicated relationship between TP film?s transmittance and its all possible influencing factors by neural network automatically [5, 6] . It is well known that BP algorithm usually has the problem of local minimum learning. Thus, in order to fairly evidence the feasibility of neural network, Set-A, Set-B, Set-C and Set-D, four different data sets randomly re-organized from the original data were simulated by neural model respectively. For each data set, the number of data used for network's training is 100 and the number of data used for network's test is 44. The mean absolute error (MAE) and the mean absolute percentage error (MAPE) are the judging criteria used for the network's performance.
The size of m-2-2-1 neural model is used in our studies, where m is the number of input nodes. Several simulations were carried out by using different inputs in order that the best input combination could be found. From the simulation results shown, we conclude that the rotation speed of holder, Cr thickness and Cr 2 O 3 thickness are three most important influencing factors in the coating process. They have the higher correlations with the transmittance. Tables 2 to 9 list the statistics performed by different sizes of neural model. These statistic results clearly show that if the proper influencing factors could be determined, the neural network technique indeed is a good and suitable tool to do the estimation work for TP film's optical property. In other words, the accurate transmittance of decoration film is possibly to be estimated and controlled before the coating process is started.
Conclusion
This research presents the transmittance estimations of TP decoration film by using neural network with BP learning algorithm. From the results shown in Table 2,  Table 3, Table 5 and Table 8 , the estimation accuracy performed by neural network is quite good, if three influencing factors, the rotation speed of holder, Cr thickness and Cr 2 O 3 thickness, could be included into the inputs of network's training. The best average MAPE is about 1.89%. This research results evidence that the neural network is a suitable technique used for catching the complicated relationship between the optical property of TP coating film and the relevant parameters of coating process. In other words, an AI decision system used for controlling TP evaporation process is possibly developed. Undoubtedly, such a smart decision system could make several advantages for the optical company, like helping the junior engineer to produce the qualified TP film, avoiding the trial-and-error step, saving the working time and saving the company cost. 
